ABSTRACT A statistical study is presented of (a) the frequency of narrow C iv λ1549 absorption lines in 1.5 < ∼ z < ∼ 3.6 radio-quiet and radio-loud quasars, and of (b) the UV and radio properties of the absorbed quasars. The quasar sample is unbiased with respect to absorption properties and the radio-quiet and radio-loud subsamples are well matched in redshift and luminosity. A similarly high incidence ( > ∼ 50%) of narrow C iv absorbers is detected for the radio-quiet and radio-loud quasars, and a constant ∼25% of all the quasars, irrespective of radio type display associated C iv absorbers stronger than EW rest ≥ 0.5Å. Both radio-quiet and radio-loud quasars with narrow absorption lines have systematically redder continua, especially strongly absorbed objects. There is evidence of inclination dependent dust reddening and absorption for the radio quasars. An additional key result is that the most strongly absorbed radio quasars have the largest radio source extent. This result is in stark contrast to a recent study of the low-frequency selected Molonglo survey in which a connection between the strength of the narrow absorbers and the (young) age of the radio source has been proposed. The possible origin of these discrepant results is discussed and may be related to the higher source luminosity for the quasars studied here.
introduction and motivation
Quasar absorption lines fall into two gross categories based on their line widths, namely narrow and broad. The narrow absorption lines (NALs) have line widths less than a few hundred km s −1 and tend to have relatively sharp profiles. The broad absorption lines (BALs) are much more dramatic, displaying deep, broad, and smooth absorption troughs extending blueward of the emission line profile of the absorbing species; some BAL troughs are even 'detached' from the line emission profile. In the case of BALs there is no doubt that the absorbing gas is associated with the quasars as it is outflowing at sub-relativistic speeds: outflow velocities of order −20 000km s −1 to −30 000 km s −1 are not uncommon, and velocities reaching −60 000 km s −1 have been detected (Jannuzi et al. 1996; Hamann et al. 1997) . The NALs may be due to intervening galaxies along our line of sight to the quasar, or due to gas somehow associated with the quasar system. Gas in the quasar environment, such as a cluster, has been suggested early on to explain some of the absorbers (e.g., Weymann et al. 1979; Briggs, Turnshek, & Wolfe 1984) . However, gas clearly intrinsic to the quasar is also established to produce NALs. These systems tend to cluster in velocity space within 5 000 km s −1 of the emission redshift (often termed "associated NALs"; Weymann et al. 1979; Foltz et al. 1986 ). The strongest indications that a given NAL is associated with the quasar include: (a) time-variable absorption strengths, (b) smooth well-resolved absorption profiles that are broader than the thermal widths, (c) multiplet ratios implying partial coverage of the continuum source, and (d) high particle densities inferred from excited-state absorption lines (Barlow, Hamann, Sargent 1997), when detected. Nonetheless, NALs can still be associated without showing clear signs thereof .
Early on, NALs were recognized to be key to the study of the tenuous, non-emitting gas situated between the quasars and us, but the absorption in gas associated with the quasar is also important (a) as alternative and independent probes of the central engine and the dynamics and structure therein, and (b) for understanding how quasars evolve and affect their environment on small and large scales in the process. Quasar intrinsic NALs have been suggested to originate in winds driven off a torus (e.g., Barthel, Tytler, & Vestergaard 1997) or off the accretion disk (e.g., Murray et al. 1995; Murray & Chiang 1995; Elvis 2000; Ganguly et al. 2001 ). Some recent thoughts on possible origins of the NALs in context of the evolution of the central host galaxy as a result of either a recent merger or a burst of star formation are discussed by Hamann et al. (2001) , Baker et al. (2002) , and Sabra, Hamann, & Shields (2002) . Baker et al. (2002) specifically argue that dusty absorbing gas is closely related to the onset of radio activity. At least for nearby low-ionization BAL quasars, there is evidence that the BAL phenomenon may also be a temporary phase in the early evolution of the quasar (or soon after its re-ignition; e.g., Canalizo & Stockton 2001 . A similar scenario has been proposed for the z = 1.5 radio-loud BAL quasar, FIRST J1556+3517 (Najita, Dey, & Brotherton 2000) . It is also possible that some (narrow) absorbers may originate in the host galaxy itself; this has been argued for at least some Seyfert 1 galaxies . Many of the UV absorbers in Seyfert 1 galaxies also appear connected with absorption at X-ray energies (e.g., Mathur, Elvis, & Wilkes 1995; Crenshaw et al. 1999) . Such a connection between UV and X-ray absorbers is also seen in BAL quasars (Brandt, Laor & 1 Wills 2000; Mathur et al. 2001; Green et al. 2001 ) and a few non-BAL quasars (e.g., Mathur et al. 1994; Brandt, Fabian, & Pounds 1996) .
It has long been debated whether or not the associated NALs and the BALs are related somehow (Weymann et al. 1979 ) and how they may fit into the evolution of the quasars (Briggs et al. 1984; Hamann et al. 2001) . A consensus is starting to appear that most associated NALs may be related to BALs, but the details of the connection differ (cf. Hamann, Korista,& Morris 1993; Hamann et al. 2001; Elvis 2000; Ganguly et al. 2001; Laor & Brandt 2002 ; see also Murray & Chiang 1995 , 1997 . If BALs and associated NALs are related, it is relevant to keep in mind that BAL outflows most likely are nearequatorial (e.g., Weymann et al. 1991) . The most convincing evidence for this are likely polarization observations (e.g., Ogle et al. 1999; Schmidt & Hines 1999 ) combined with (a) estimates of the position angle of the radio source symmetry axis in a few nearby BALs quasars (Goodrich & Miller 1995) and (b) covering fraction arguments (Hamann et al. 1993 ).
The first step toward an in-depth understanding of the issues of the origin of the quasar-associated NAL gas, its connection to BAL outflows, and its importance as a probe of the central engine is to know the quasar absorption frequency, and how this frequency and the NAL and BAL properties relate to the emission properties of the quasar, if any; intervening systems will be indifferent to the intrinsic quasar properties (see § 3.2). A high fraction (50% − 70%) of low-redshift Seyfert 1 galaxies are absorbed, but BALs are not detected in these sources (e.g., Crenshaw et al. 1999; Hamann 2000) . BALs are detected almost exclusively in the more luminous radio-quiet quasars (RQQs) at a frequency of 10% − 15% (e.g., Foltz et al. 1990; Hamann et al. 1993; Hewett & Foltz 2003) . Relatively few radio-loud quasars (RLQs) are so far known to display BAL systems (e.g., Becker et al. 1997 Becker et al. , 2000 Becker et al. , 2001 Brotherton et al. 1998) , although in most cases these objects may only appear mildly radio-loud owing to the absorbed optical emission yielding an artificially enhanced radio-loudness (e.g., Goodrich 2001) . But BAL troughs have been detected in a few bona-fide (i.e., very radio powerful) RLQs Najita et al. 2000) .
Unfortunately, the frequency of associated NALs among quasars is poorly known, especially among RQQs. While NALs have been studied almost as long as quasars themselves (Perry, Burbidge, & Burbidge 1978; Weymann, Carswell, & Smith 1981) , a lot of the focus with respect to associated NALs has been on RLQs 1 and, even so, a proper census has not been made to date. Well-defined, nearcomplete samples provide the best basis for a proper investigation of the associated-absorption frequency of quasars with different emission properties. Such samples and their spectral data are beginning to accumulate [e.g., the Large Bright Quasar Survey (Hewett, Foltz, & Chaffee 1995) ; the FIRST survey (Gregg et al. 1996; White et al. 2000) ; the Molonglo Quasar Survey (Kapahi et al. 1998; see Baker et al. (2002) for an absorption study); and the upcoming releases of statistically well-defined and near-complete quasar samples detected in the Sloan Digital Sky Survey (e.g., Schneider et al. 2002 ) will undoubtedly be valuable]. Results on associated NALs in the UV are starting to appear, but mostly for low redshift quasars (Jannuzi et al. 1998; Ganguly et al. 2001; Laor & Brandt 2002 ) and for more distant RLQs (Baker et al. 2002) .
The main goal of this paper is to provide what appears to be the first assessment of the relative C iv λ1549 absorption frequency of RQQs compared to RLQs for moderate redshift (z ≈ 2) quasars 2 . While the sample analyzed here is neither complete nor homogeneous, it does have the advantage of being of statistically significant size and being well selected to reduce luminosity and redshift effects, as is necessary for a proper comparison of the two radio-types ( § 2). Hence, the absorption frequencies, presented here, should provide reasonable guideline values until frequencies based on larger and more complete quasar samples appear. It is also examined how the UV narrow absorption properties relate to UV and radio emission properties for clues to conditions conducive to these absorbers for different quasar types. In particular, the current data suggest (see § 4) that the relatively strong associated NALs may be the low-velocity equivalents to the dramatic BALs. This work is an extension of the preliminary results presented earlier (Vestergaard 2002 ; hereafter Paper I), where results for the combined sample of RLQs and RQQs were mainly presented. Here, special attention is paid to the differences in absorption properties between the two quasar radio types and between the RLQ subtypes.
The paper is organized as follows: § 2 describe the selection of the quasar samples, § 3 details the data and spectral measurements, while the results of the analysis are presented and discussed in § 4. The results are discussed in context of recent relevant studies in § 5 and § 6. A summary and the conclusions are presented in § 7.
A cosmology with H 0 = 50 km s −1 Mpc −1 , q 0 = 0.0, and Λ = 0 is used throughout, unless otherwise noted.
quasar samples
The quasar sample under study comprise 66 RLQs and 48 RQQs located at redshifts between 1.5 and 3.5; it is studied already by Vestergaard (2000) , Vestergaard, Wilkes, & Barthel (2000) , Vestergaard (2004a) , and Paper I. A forthcoming paper will present the details of the data acquisition and processing, and the rest-frame UV spectra. The details relevant for this work are briefly summarized below and in § 3.
There are several reasons why this quasar sample is particularly useful for this investigation. First, the objects were selected for a study of the emission line profiles and, hence, were not selected on account of the presence of absorption lines in their spectra; the one exception is the deliberate omission of known broad absorption line quasars since the absorption can inhibit accurate measurements of the emission lines. This selection allows for an assessment of the frequency of narrow absorbers in general and with respect to radio type. Second, the quasars in the two radio categories were selected to match one-on-one in luminosity and redshift to within reasonable measurement uncertainties of the absolute V -band magnitude, σ(M V ) ≈ 0.5 mag and of redshift, σ(z) ≈ 0.01. The RQQs and RLQs populate the same range in M V with an average < M V > = −27.9 mag, as illustrated in § 4.2. The pair-matching is used here only to ensure that the luminosity and redshift effects are minimized between the RLQs and RQQs, so not to complicate the analysis and the comparison of the two radio-subsets. Third, extensive databases of C iv broad emission line measurements (e.g., Vestergaard 2000) , and of good radio data of the RLQs (see below) are available. Finally, all the rest-frame UV spectra are of relatively high-quality and are uniformly processed and measured (with reliable error estimates). Assessments can hence be made whether or not the observed absorption properties are related to UV emission properties of the quasars.
The RLQs were selected on the basis of unification models for extragalactic radio-sources to span a range in source inclination, i, with respect to our line of sight but such that the broad-line region is still visible (i
o ; e.g., Barthel 1989) . This is roughly obtained by selecting individual RLQs with a range in fractional radio-core dominance, estimated by log R 5GHz = log[S 5GHz,core /S 5GHz,total ] and by log R V = log[L 5GHz,core /L V ] (e.g., Wills & Brotherton 1995) , where S 5GHz is the restframe 5 GHz radio flux, L 5GHz is the luminosity at 5 GHz, and L V is the optical rest-frame V -band continuum luminosity. RLQs are sub-classified as lobe-dominated quasars, LDQs, (R 5GHz < 0.5), core-dominated quasars, CDQs (R 5GHz ≥0.5), compact steep-spectrum quasars, CSSs (R 5GHz < 0.5 and the largest linear size 3 of the radio emission (LIN) is 25 kpc or less in a cosmology with H 0 = 50 km s −1 Mpc −1 , q 0 = 0.5, and Λ = 0; see footnote 4), and giga-hertz peaked spectrum quasars, GPS (compact [ < ∼ 1 kpc] sources with convex radio spectrum peaking between 500 MHz and 10 GHz; O'Dea 1998). The LDQs are commonly interpreted to be viewed at relatively larger inclination angles than the CDQs; CDQs are believed to be viewed almost face-on (i
To avoid the possible effects of Doppler boosted (i.e., beamed) optical-UV continuum emission on the emission line properties the most strongly coredominated quasars were selected against by omitting the known highly variable objects (at optical and radio energies), i.e., blazars. Final selection criteria were imposed to ensure that the RLQs are accessible from the Very Large Array (VLA) and are observable at the Palomar Hale 5 m telescope (i.e., V < ∼ 19 mag). The RQQs were selected from Hewitt & Burbidge (1993) to match the RLQs in M V and z as described above. Unfortunately, no inclination estimator is available for the RQQs, so a similar sub-distribution in i can not be selected.
data
Rest-frame UV spectra for most of the RLQs are presented by Barthel, Tytler, & Thomson (1990) . The remaining quasars were observed mainly at the Multi-Mirror Telescope (MMT). The spectra commonly cover rest-frame wavelengths ∼1000Å to ∼2100Å with a spectral resolution of ∼3.5Å to ∼5Å. Shorter exposures of many of the Barthel et al. quasars were repeated at the MMT (a) to ease the combination of the red and blue subspectra, (b) to extend these spectra to the atmospheric cutoff (∼3200Å), and (c) to provide a better flux calibration, which for some spectra is less accurate. The spectra were not corrected for Galactic extinction. This correction is typically within the uncertainty in the absolute flux calibration, since these data are not spectrophotometric. High quality Very Large Array radio maps at 1.4 GHz, 5 GHz, and 15 GHz are available for most of the RLQs (Barthel et al. 1988; Lonsdale, Barthel, & Miley 1993; Barthel, Vestergaard, & Lonsdale 2000) and fluxes are available for many of the quasars at 178 MHz or 159 MHz (Spinrad et al. 1995) and 408 MHz (Colla et al. 1970 (Colla et al. , 1972 (Colla et al. , 1973 Large et al. 1981; Wright & Otrupcek 1990 ).
Spectral Measurements
A power-law continuum (F λ ∝ λ α λ ) was fitted to virtually line-free regions in the spectra (see e.g., Vestergaard & Wilkes 2001) . For estimates of the continuum uncertainty and its effect on other spectral measurements, the continuum level and slope were varied to the four extremes permitted by the noise in the data (i.e., the minimum, the maximum, the bluest slope, and the reddest slope). For each of these five continua the C iv emission line shape was reproduced with a smooth fit (using 2 -3 Gaussian profiles), which eliminates noise spikes and narrow absorption lines superposed on the emission line profile. This smooth profile fit to the best fit continuum is very suitable as the local "continuum" level for the absorption lines. The emission line width, FWHM(C iv), (used in § 6) was measured directly on this smooth profile, reducing measurement errors. The FWHM uncertainty was estimated from the FWHM measurements of the profile fit made to the four extreme continuum settings.
A semi-automated absorption line search algorithm was employed, but all the data and measurements were visually inspected and confirmed. First, an extensive list of candidate C iv λλ1548,1550 absorption line positions was interactively generated from the spectra in the observed frame. To minimize omissions, candidate absorbers with line peaks deviating more than > ∼1.5σrms (σ rms is the local spectrum rms noise) from the local continuum were then selected; most candidates with smaller peaks are clearly noise. This interactive search eliminates the predominant part of the noise spikes, which the human eye can more easily identify than an algorithm. Thereafter, the algorithm searches among these pre-selected candidate λ1548 and λ1550 transitions for C iv doublet lines satisfying the following criteria:
1. The peak of the λ1550.77 transition, at least, is greater than 1.5σ rms . The FWHM criterion is not strictly enforced due to resolution/blending effects and measurement uncertainties; extensive tests show that this does not seriously affect the list of absorption candidates. Besides, the final visual inspection of the absorbers identifies clearly unrealistic or unreliable absorbers, which may have survived the filtering. The margins in ∆λ separation,rest (item 3) and EW doublet ratio (item 4) were adopted to allow for blending and resolution effects. The imposed value ranges were determined from spectra with clear presence of C iv narrow absorption doublets. The EW detection limit (σ det ) is determined as the integrated local continuum rms noise (normalized to the local continuum level) across a single resolution element. This yields an absolute minimum detection limit. The EW is measured by integrating across the identified absorption profile of the C iv doublet. This is done because the spectral resolution and relative weakness of some of the absorption lines do not warrant employment of Gaussian fitting for line measurements. Some of the absorption lines are clearly blended at the resolution of these data and they may appear as a single absorption line. Therefore, such strong absorption blends, commonly with EW rest > 1.0Å and easily identified by eye, were not subjected to the above-listed selection criteria. The search for NALs were deliberately stopped at the restframe wavelength ∼1420Å to avoid the increasing probability of contamination by Si iv absorbers and other lower-redshift, intervening galaxy and/or cluster absorption. Notably, criterion 5 above ensures that each C iv NAL is detected with a confidence ≥ 3σ (i.e., the confidence in the detection is at the ≥ 99.95% level). The completeness level is determined in § 3.3.
Identification of Associated Systems
Unfortunately, for most of the objects (except Q1726+344; see below) it cannot be firmly established that a given NAL is associated with the quasar based on the criteria listed in the introduction, since only singleepoch, moderate resolution data are available. Ideally, intervening C iv absorbers can be identified by searching for absorption lines by other species, such as Mg ii, at the same redshift of the individual C iv absorbers. This is only possible in a very limited number of objects for which Mg ii appears in the spectral window. Fortunately, most of the intervening absorption lines are anticipated to be relatively weak and therefore to be eliminated by the primary 0.5Å EW obs cutoff. Savage et al. (2000) find the strongest C iv absorption lines due to Milky Way gas detected in quasars to have EW obs < ∼0.9Å. The likelihood that any of the strong absorption systems (EW rest ≥ 1Å) are intervening is considered to be rather small. Hence, it is fair to assume that the stronger an absorption line is, the more probable is its association; the discussion in § 4 confirms this. Note that not all the weak absorbers (e.g., with EW rest < 1Å) are per se intervening. A characteristic property of unrelated, intervening systems to bear in mind is that they should scatter evenly in redshift (up to the emission redshift) and they do not typically exhibit trends with the quasar properties 4 . Barthel et al. (1990) identified a number of absorption systems of different species in the spectra of their RLQs. While all the narrow C iv absorption lines are measured independently in this study, a cross-check was made with the Barthel et al. results to eliminate the intervening absorbers identified by them; only a few (six) such absorbers were to be eliminated (corresponding to 6.5%±1.5% of the originally identified systems). The C iv systems with identified UV transitions of, for example, Mg i λ2853, Mg ii λλ2796, 2804, Al ii λ1671, Si iv λλ1394, 1403, and/or some of the many UV Fe ii and Si iii transitions (e.g., Barthel et al. 1988; Savage et al. 2000) at the same absorption redshift were considered to be intervening. The two high-velocity NALs of Q2222+051 and Q2251+244 are part of systems with additional Al ii, Al iiiλ1857, Si iv, and/or C ii transitions, but are here considered to be intrinsic given their large strengths, EW rest > 1Å. The C iv absorbers with N v λ 1240 at the same absorber redshift must be associated with the quasar given the high level of ionization (e.g., Weymann et al. 1979; Hamann 2000; Savage et al. 2000) . (Notably, while high-density absorbers may display mostly low-ionization transitions, this ionization cut will not significantly select against such absorbers, since they also tend to display strong lines with EW rest > ∼ 1Å). Hence, the incidence of intervening absorbers should be reduced for the RLQs in this analysis. If the RLQ fraction of intervening absorbers is typical also for RQQs, then 4 of the NALs detected in the RQQ spectra (or 5% of the entire NAL sample) are statistically expected to be intervening (but not identified as such).
While a few intervening systems may remain, it is anticipated that their inclusion will not significantly affect the results of the analysis, because (a) the samples of quasars and absorbers are large, and (b) this study is of a statistical nature. In addition, even if the ensemble of the weak absorbers (or bulk thereof) are unrelated to the quasars their properties (e.g., frequency, strength, velocity) are expected to be indifferent to varying quasar emission properties anyway, as noted above (see also footnote above). In 4 A possible exception is that of dusty damped Lyman-α absorption (DLA) systems with detectable metal lines, which will redden the quasar spectrum. It may appear that intervening dusty DLAs can lead one to erroneously conclude that the frequency and strength (EW ) of absorbers increase with dust reddening (as is, in fact, seen for this sample; discussed in § 4). However, this is not very likely. The reasons are that (1) the incidence of DLAs is very low (by a factor ∼0.04; Table 12 .1 by Peterson 1997) compared to C iv narrow absorbers (intrinsic and intervening), and (2) DLAs have rather low metal abundances, resulting in typically weak C iv absorbers (observed equivalent width < ∼1Å; e.g., Prochaska et al. 2003) . Therefore, very few, if any, intervening C iv NALs associated with DLA systems are expected in the current sample of absorbers (<4 absorbers) which will not adversely affect the results of this study. .02, respectively, and are therefore not shown for clarity. However, the completeness limits for β < −0.02 stay rather high (see e.g., Fig. 7 ) contrary to those shown for β > 0.02. The cumulative distribution of the measured EW abs (C iv) of all the quasars is shown for comparison (labeled 'Measured'). The 92.5% and 95% completeness levels are marked by the dotted and dashed horizontal curves, respectively. The 3σ detection limit measured (in a resolution element) to a completeness level of ∼95% within |β| < 0.02 is EWrest = 0.5Å (dashed vertical line).
the following, it will be assumed that the narrow absorbers are intrinsic to or associated with the quasars, unless otherwise noted.
For one RLQ, the CSS quasar Q1726+344, Ma (2002) detected a newly developed mini-BAL; only intervening absorption was detected here. Variable absorption is a clear indication that the absorber is associated with the quasar ( § 1). The rest EW = 2Å and velocity shift = −6000 km s −1 , measured by Ma (2002) , are thus adopted in this work for comparison.
Absorber Measurements and Completeness Limits
In the following, all EW s are restframe measurements of the C iv absorption doublet. Table 1 lists the UV properties of the absorbed quasars and their absorbers, and Table 2 lists the basic properties of the unabsorbed objects. Figure 1 shows the EW distributions of the individual C iv absorbers and the spectral detection limits, as explained next.
It is evident from Figure 1a that while the absorbers span a large range in strength, most have EW s
The NALs in RLQs and RQQs generally distribute similarly, with the noticeable exception that only RLQ NALs are detected at EW > 4Å.
In Figure 1b the cumulative distribution of detected NALs is compared to the individual distributions of RLQ and RQQ absorbers. The dotted curve represents the cumulative distribution of the 3 σ detection limit of NALs within 6000 km s −1 of the emission line redshift, and shows a 95% completeness level of NALs with EW ≥ 0.5Å (see below). Evidently, only a tiny fraction of the RQQ absorbers are below the 95% completeness limit. Figure 1c shows the cumulative distributions of the 3 σ EW detection limits measured for different absorber velocities (parameterized by β) in the spectra of all absorbed and unabsorbed quasars. The absorber velocity is conventionally defined as v = βc, where β = (r 2 − 1)/(r 2 + 1) and r = (1 + z em )/(1 + z abs ) (Weymann et al. 1979; Peterson 1997) and c is the speed of light. However, in this work v = −βc is adopted such that a negative velocity (intuitively) corresponds to blueshifted absorption velocities. Only distributions for positive β values are shown in Figure 1c for clarity. The distributions for β = −0.01, −0.02 are essentially the same as those for β = 0.01, 0.02, respectively. The cumulative distributions show that the sensitivity of the data toward detecting NALs (at the 3 σ significance) within |β| ≤ 0.02 drops below 95% at EW ≈ 0.5Å (vertical dashed line). In other words, associated NALs with EW ≥ 0.5Å are > ∼ 95% complete. For increasing β-values, the cumulative distributions shift to higher EW s and lower fractional completeness. A similarly high level of completeness cannot be achieved at all β values, partly owing to differences in signal-to-noise levels. Furthermore, at the highest β values (β ≥ 0.06) the distributions do not reach 100% because the spectra could not all be measured at these β values. More specifically, at β = 0.08 (0.09), only ∼62% (∼17%) of the spectra could be measured. Nevertheless, the completeness level of EW ≥ 0.5Å absorbers is still high (≥70%) for β ≤ 0.07. The β < 0 cumulative distributions maintain a rather high completeness (> 85% for −0.09 ≤ β ≤ 0), contrary to the distributions for β > 0.02. The completeness level of EW ≥ 0.5Å NALs as a function of β is discussed in relation to the measured absorbers in § 4.4. Part of the cumulative distribution of detected absorbers is also shown in Figure 1c for comparison. This shows that more than 80% of the absorbers have EW s above the 0.5Å completeness limit.
results and discussion
As described in § 1, a basic census of the associatedabsorption frequency among distant quasars is poorly known, particularly among RQQs. Also, little is known about which quasar properties are favored or evaded for objects with strong (associated) NALs and how these properties compare for the two radio types. In the following, these issues are addressed with the current data. In addition, the dependence on radio source inclination ( § 4.3), and the velocity distribution of the NALs ( § 4.4) are discussed. Table 3 lists the fraction of absorbed quasars grouped in various ways, and Table 4 contains the absorber frequency among the absorbed quasars only. As pointed out in § 3.3 the most complete subset of NALs are at β ≤ 0.07 and have EW ≥ 0.5Å. To allow a more direct and quantifiable comparison with future quasar absorption studies, most of the statistics in Tables 3 and 4 are therefore limited to this most complete subset. If all absorbers are counted the frequencies would in places increase by a few per cent. This is mostly within the counting errors.
Frequency of Occurrence
In Tables 3 and 4 , statistics are listed for various subdivisions of the full quasar sample (col. 1): "All QSOs" (RLQs+RQQs), RQQs, RLQs, and the subgroups of RLQs: CDQs, LDQs, CSSs, and GPSs, defined in § 2; the size of each of these samples is in col. 2. Columns 3 to 5 list numbers and frequencies for various NAL velocity bins, as marked. Table 3 is divided into three sections (top, middle, bottom) according to the absorption strength. In particular, the statistics in the top section are based on all NALs with any detected EW (col. 3, left) and on individual NALs with EW ≥ 0.5Å (col. 3, right; cols. 4 and 5). Table 4 is structured similarly to Table 3, except that the statistics of weak absorbers are omitted.
When counting all detected absorbers (all EW s) more than half of the quasars have NALs (Table 3 ; note that this fraction is > ∼60% if all the intervening systems are included). This is comparable to the frequency (∼50 − 70%) observed among Seyfert 1 galaxies (Crenshaw et al. 1999) , and shows how common this phenomenon is. This frequency is higher than that seen for the Bright Quasar Survey (BQS; z < 0.5) quasars studied by Laor & Brandt (2002) (40% NALs and ∼10% BALs). About 25% of the quasars have associated NALs (EW ≥ 0.5Å; Table 3 ; note, this also holds when restricted to EW ≥1Å, the commonly adopted division between intrinsic and intervening absorption ( § 3)). Ganguly et al. (2001) find a similar frequency of associated NALs (15/59 ≈ 25% ±7%) among their sample of z < ∼ 1 quasars, while Baker et al. (2002) find a very high fraction of associated NALs (with 0.3Å ≤ EW ≤ 5.2Å) in their RLQ sample (50% ±17% at 0.7 ≤ z ≤ 1.0; 90% ±21% at 1.5 ≤ z ≤ 3.0; see § 5 for discussion of the Baker et al. results). However, in reality, a direct comparison of the incidence of absorbers with the Ganguly et al. study is non-trivial as there is only a small common range in EW of the detected absorbers between the two samples: the current sample is incomplete at EW < 0.5Å and contain a large number of relatively strong absorbers ( > ∼ 1Å), while the Ganguly et al. absorbers are mostly weaker than 1Å. In the common EW range from 0.5Å to 1Å (summed per quasar) of associated (i.e., low-velocity) C iv NALs, Ganguly et al. find 4 absorbed quasars out of 59, or ∼7% ±3%. In comparison, the current sample has 4/114 quasars with such associated weak absorbers (i.e., 3.5% ± 1.7%). While this may appear to suggest a marginal difference in incidence, both samples are subject to small number statistics and strong conclusions based thereon are cautioned.
The RQQs appear slightly less frequently absorbed than RLQs, but their frequencies are consistent within the counting errors; this also holds when considering the low and high velocity absorbers separately (Table 3) . Even if broad absorption lines (BALs) are also counted, these fre-quencies may not change much because the BAL fraction 5 is relatively low for both RQQs and RLQs and the counting errors are at the level of the BAL fraction or larger. The RLQs and RQQs only exhibit apparent differences in the frequency of weak, low-velocity (i.e., associated) NALs. However, this may not be real since a larger number of NALs with EW below the 0.5Å completeness limit occur among RLQs than among RQQs (Fig. 1b) .
Among the subtypes of RLQs, the CDQs and CSSs are typically equally absorbed within the errors (Table 3 ; top section). The LDQs stand out by having significantly higher occurrence of low-velocity NALs (80% ±23%) relative to CDQs and CSSs ( > ∼ 20%). For the strongly absorbed quasars there is a difference in absorption frequency between the LDQs and CDQs at the ∼ 1 σ level (Table 3 ; middle section). This is seen both among the low velocity absorbers (v ≤ 5000 km s −1 ; col. 4) and in the sample of v ≤ 21 000 km s −1 absorbers (col. 3). But, the high velocity LDQ and CDQ absorbers are different at the ∼ 2 σ level (col. 5). Differences are also seen among the weakly absorbed LDQs and CDQs at the ≥ 1.5 σ level (col. 3; bottom section). Furthermore, Table 3 shows that CDQs tend to have more weakly absorbed objects than the LDQs (col. 3). Most of this difference occur at high velocities (col. 5). The statistics for the weakly absorbed quasars should, however, be treated with caution since the subset of EW <0.5Å absorbers is incomplete ( § 3.3).
It is evident from Table 4 that most of the absorbers in any quasar subgroup are at low-velocity (i.e., likely associated; col. 4), especially the strong absorbers. Again, the frequency of low and high velocity absorbers, respectively, are similar between the RLQ and RQQ subgroups. This holds for the complete NAL sample (EW ≥ 0.5Å) and for the strong ones alike. Only the frequency of strong absorbers in LDQs and CDQs are different: all strongly absorbed (EW ≥1Å) CDQs have associated NALs only.
To summarize, RLQs and RQQs exhibit similar absorption frequencies both at high and low absorber velocity, respectively. Among the RLQs, the LDQs are by far the most frequently absorbed in general. Also, LDQs tend to be the most strongly absorbed. These strong absorption systems mostly have velocity shifts less than 5000 km s −1 from the emission redshift. This will be discussed in section 4.3. The CSS quasars are discussed in § 5.
A final comment is in place. For a large, heterogeneous sample of absorbed quasars Richards et al. (1999) find marginal fractional excesses of C iv λ1549 NALs in (a) RQQs compared to RLQs, and in (b) FSS (≃ CDQ) quasars relative to SSSs (≃ LDQs), reaching velocities of −30 000 km s −1 and −25 000 km s −1 , respectively. Richards (2001) confirms these findings to be marginal by including a more homogeneous data set of RLQs. Although the relative frequencies of high-velocity (−5 000km s −1 to −21 000 km s −1 ) absorbers seem to support the above-mentioned excesses (column (4) in Table 4, top), strong conclusions based thereon are, unfortunately, premature for two reasons: (1) this quasar sample is incomplete and the high-velocity absorption results are based on small number statistics, especially for the RLQ subgroups, and (2) Richards et al. (1999) use an advanced Monte-Carlo type of normalizing algorithm in determining the relative frequency of absorbers at a given velocity for each sample, while a simple ratio is used here. The nature of the sample studied here (item 1) does not warrant such an elaborate analysis. The results of Richards et al. (1999) and Richards (2001) will therefore not be discussed further. While the findings by these authors are indeed tantalizing, to properly address these issues, complete, homogeneous, and well-selected samples are required.
Properties of Quasars with NALs
The distributions of UV continuum slopes, α UV,λ (F λ ∝ λ α λ ) and the absolute magnitude, M V , are shown in Figure 2 for the quasars with and without detectable C iv λ 1549 narrow-line absorption, respectively. "Unabsorbed" quasars (note, one BAL quasar is included here) have on average a slope, < α UV > = −1.99 (median = −1.89; standard deviation, σ std = 0.64), while the absorbed quasars in Figure 2 have < α UV > = −1.59 (median = −1.62; σ std = 0.64). When confined to the absorbers above the 95% completeness limit of 0.5Å the absorbed quasars are slightly redder on average (< α UV > = −1.47; median = −1.46; σ std = 0.60). Although the average slopes only differ at the 1 σ level, Kolmogorov-Smirnov (K-S) tests confirm that the continuum slope distributions of absorbed and unabsorbed quasars are statistically different at the 99.95% confidence level or higher. Note, how much more the absorbed quasars scatter in continuum slope, in clear contrast to the unabsorbed sources; barring a few outlying unabsorbed RQQs. Notably, most of the quasars are more luminous than M V = −27 mag, inconsistent with the prediction by Møller & Jakobsen (1987) that no associated absorbers should be seen for quasars more luminous than this value. About 25% of these luminous quasars have strong ( > ∼ 1Å), associated NAL systems (Table 3 ; middle section).
Figures 3 and 4 illustrate how the total absorption strength for each object distribute with the quasar properties: α UV,λ (Fig. 3a, c) , M V (Fig. 3b, d) , and the 1550Å monochromatic continuum luminosity, L cont (1550Å) (Fig. 4) . Table 5 lists the Spearman's correlation rank and the probability (P ) that no correlation is present. The total strength (i.e., restframe EW ) of the C iv NALs in each quasar in the combined sample of RLQs and RQQs correlates strongly with α UV (Spearman's rank, r = 0.53) with a P <0.1% probability of occurring by chance (Fig. 3a, c) . Thus, more strongly absorbed objects tend to have redder continua. The RLQs dominate this relationship (Table 5 ). The RQQs exhibit a weaker and less significant trend (see below); they clump 6 around α λ −1.5 (Fig. 3a) . Little difference is seen when individual absorbers with EW < 0.5Å (the 95% completeness limit) are omitted. These trends are consistent with a larger dust reddening in objects subject to stronger NALs. Notably, the RQQs with BALs or mini-BALs have some of the reddest UV continua indicating they are subject to a larger dust reddening on average.
The dependence of the total NAL strength (EW tot ) for each object on source luminosity is different for the two quasar types ( Fig. 3b, d; Fig 4) ; the two luminosity measures, M V and L cont (1550Å), show consistent results. For RLQs the NALs tend to get weaker in more luminous objects (Figs. 3d and 4b, Table 5 ). The inverse EW tot − L cont (1550Å) correlation is even more significant (r = −0.37 and P = 0.9%) when the individual absorbers are tested (see also Paper I). However, the robustness of this luminosity dependence is unclear because (a) the relationship essentially disappears when the EW tot < 0.5Å absorbers are omitted (Fig. 3d, Fig 4, right) and (b) it is not known with certainty that the omitted absorbers (in item (a)) are associated with the quasar ( § 3). More importantly, there is a noticeable lack of EW tot ≥ 0.5Å absorption in quasars with M V < ∼ −29 mag. This is in sharp contrast to the NALs in RQQs (Figs. 3b and 4a , Table 5 ): stronger NALs occur in more luminous RQQs. In particular, most of the RQQs in Fig. 3b with M V ≤ −29 mag have EW tot > ∼ 3Å. The EW tot − luminosity correlation for the RQQs is significant at the 95% level (Table 5) ; the NALs of the two RQQs with EW tot < 0.5Å are likely intervening. This result is intriguing, if real, because an increasing absorber strength is naively expected if increased radiation pressure in more luminous, bluer objects is responsible for heating the accretion disk and evaporating more absorbing gas off the disk (e.g., Paper I; Laor & Brandt 2002 ). This is briefly discussed in § 4.5.
There appears to be an upper envelope in EW tot for increasingly redder slope for the RLQs in Figure 3c . This suggests that strong NALs are avoided in very blue objects. The individual subgroups of RLQs (CDQ, LDQ, CSS, GPS) are seen in Figure 4 to distribute fairly similarly within the covered values of luminosity and absorption strength, although the CDQs do not have NALs with EW > ∼3Å.
The distribution of RQQ NALs in Figure 3a is consistent with that defined by the RLQs in Figure 3c , but the popu- lation of weak absorbers in very blue RQQs (α UV,λ < −2.), as seen for the RLQs, is missing. The single RQQ outlier at α UV,λ ≈ −3 has a low-velocity absorber which also absorbs part of the underlying continuum. This particular system may therefore be located outside the central engine, perhaps even in the quasar host galaxy, along our line of sight. This could explain why this absorber does not follow the trend outlined by the other, mostly intrinsic, absorbers. Figure 5 shows how the total NAL strength in a subset of the RLQs distribute with the two measures of radio source inclination described in § 2. As discussed in § 4.1, NALs are more frequently occurring in LDQs than CDQs. Figure 5 illustrates that LDQs also tend to be more strongly absorbed than CDQs. This is not a new result (e.g., Anderson et al. 1987; Foltz et al. 1988; Wills et al. 1995; Barthel et al. 1997; Ganguly et al. 2001; cf. Baker et al. 2002 and § 5) . LDQs are believed to be intrinsically similar to CDQs, just viewed at a larger inclination, i, of the radio axis relative to our line of sight ( § 2). Hence, absorption strength may, in part, depend on source inclination. Barthel et al. (1997) used almost the same RLQ sample as that currently analyzed. Here, the inclination dependence of the NAL EW s is tested on a more well-suited sub-sample of the RLQs than done by Barthel et al. This is important if the NALs are intrinsic to the quasar central engine and, for example, depend on intrinsic source brightness. Therefore, to avoid possible selection biases the LDQs and CDQs were selected for this particular analysis to cover the same range in the luminosity of the extended radio emission, L ext , as illustrated in Figure 6a . The extended emission, as opposed to the compact, nuclear "core" radio emission, is isotropically emitted and is thus a better measure of the intrinsic radio power. Figure 6b confirms that for this subset of RLQs the total NAL strength for each quasar is not correlated with L ext , as expected for a sample unbiased in intrinsic radio power. Also, it is comforting that there is no EW dependence on the total radio luminosity, L radio (5 GHz), both for the full sample of RLQs (see e.g., Fig. 3 in Paper I) and for the subset (not shown but the distribution is similar to that of the full sample). Figure 5 shows that even for this subsample, the strongest (EW > 3Å) NALs are seen in LDQs and the strength increases with 7 inclination (lower log R 5GHz and log R V ); again, this is similar to the full RLQ sample (not shown but see e.g., Fig. 1 by Barthel et al. 1997) . The fact that this trend exits in the subsample and the various non-restricted samples of NALs mentioned above shows that the trend is not due to intrinsically brighter or fainter lobe-dominated sources in those samples. If indeed LDQs are relatively more inclined, then the correlations of NAL strength, EW , with α UV , log R 5GHz , and log R V (Figures 3 and 5) can be explained as a combination of inclination and reddening effects, which thus in RLQs seem to dominate possible radiation pressure effects on disk outflows; as argued in § 4.2 a luminosity dependent absorption strength is expected in the latter scenario. Fig. 6 is shown. Recall, LDQs have log R 5 GHz < −0.3. The absorption strengths of all the CSS objects in the full sample are shown as crosses at the very left part of each panel. This is because the radio core luminosity is commonly not well determined for CSS quasars, inhibiting an estimate of i. Q1726+344 with a "mini-BAL" trough is encircled.
Dependence on Radio Source Inclination
Such related effects of absorption and reddening are not clearly present for the RQQ sample (Figs. 3 and 4) . However, the lack of, even crude, inclination measures for RQQs precludes a sample selection to test inclination dependent absorption strengths. This likely explains the concentration of α λ in Figure 3a . However, the BAL quasars suggest that a similar inclination dependent distribution of reddening dust exists in RQQs, since (a) the BALs are among the reddest RQQs ( § 4.2), and (b) BAL outflows are likely equatorial ( § 1). Furthermore, it is generally a worry that the optically selected quasars detected in early surveys are biased toward the brightest and hence the least dust reddened sources. This is because sources viewed almost face-on are likely more luminous and bluer, rendering them more easily detected when at large distances. But Figure 3a shows that the current RQQ sample tends to lack sources with very blue spectra (α UV,λ < −2) compared to the RLQs (Fig. 3c) . Also, while the most luminous and blue RLQs tend to have weaker NALs and a larger number of them (Figs. 3c and 3d) , the RQQs of similar luminosity to the most luminous RLQs tend to have the strongest NALs (compare Figs. 3b and 3d ), as noted in § 4.2. Since BAL quasars tend to be relatively redder and less luminous (Brotherton et al. 2001; Goodrich 2001; Hall et al. 2002) , to have strong absorption, and are most likely highly inclined ( § 1), could the omission of BAL EW s from Figure 3 explain the lack of a correlation similar to that seen for the RLQs? This is not very likely as BALs are much stronger than NALs. For example, the strength of the BAL feature of the one BAL quasar that sneaked into the RQQ sample is ∼27Å. Inclusion of this BAL in Figure 3b would place it far from the parameter space and trends defined by the NALs at no clear extension of the trend seen in Figure 3a and 3b. However, the BAL strength and M V of this quasar is consistent with trends defined by lowredshift BAL quasars (Laor & Brandt 2002; Vestergaard 2004b ).
Velocity Distribution of the Absorbers
In Figure 7a the EW of each NAL is shown as a function of the absorber velocity relative to the quasar C iv emission redshift. The number distribution of individual EW ≥0.5Å NALs with velocity (parameterized by β) are shown for the various quasar types in Figures 7b and 8 . The commonly adopted velocity limits (±5000 km s −1 ) for the associated absorbers (Foltz et al. 1986 ) are marked. The strongest NALs are clearly associated with the quasars (Fig. 7a) . Set aside the five strongest NALs in RLQs, there is a similar velocity distribution for RLQs and RQQs. The enhancement of associated NALs is evident and quantified in Figure 7b . A second peak is present at a velocity of −15 000 km s −1 (see also Fig. 7a ). The RQQs contribute significantly to this enhancement by having a large number of absorbers over a range of outflow velocities. The RLQs are characteristically strongly clustered around −15 000 km s −1 (Fig. 8) with LDQs contributing the most. This clustering around β ≈ 0.05 roughly coincides with the increase in absorber strength (Fig. 7a) at a velocity around −18 000 km s −1 . Notably, this EW increase is present for both RLQs and RQQs.
The long-dashed histogram in Figures 7b and 8 shows the completeness level of NALs down to EW rest = 0.5Å for a given β bin. The high completeness fraction (> 70%) across the entire second enhancement (both in EW and β parameter space) shows that these enhancements are real. While there is a danger that the weaker NALs (EW < 1Å) at high velocity may be unidentified intervening systems, more so for the RQQs ( § 3), there is little doubt that the stronger ( > ∼ 1Å), high-velocity absorbers are intrinsic to the quasars (see Figure 7a) . 
Are NALs Related to Quasar Outflows?
The more dramatic BALs are due to large column densities of outflowing, absorbing gas (e.g., Hamann 2000) . The quasar-intrinsic NALs may also be associated with outflowing gas somehow, since (i) strong (i.e., likely quasar intrinsic) high-velocity NALs exists, and (ii) the highvelocity enhancements at v ≈ 15 000 − 18 000 km s −1 , discussed above, are intriguingly close to the typical BAL terminal 8 outflow velocity (∼20 000 km s −1 ). Also, the occurrence and properties of NALs and BALs in RLQs and RQQs are generally consistent with predictions of the diskwind outflow model of Murray & Chiang (1995) . Specifically, RQQs tend to have NALs of modest strength ( § 3.3; Fig. 1a; Fig 7a) and, until recently, were the only quasars known to have BAL systems. Also, RLQs have quite strong associated NALs ( § 4.2), but rarely 9 develop the strong BAL systems (e.g., Goodrich 2001; but see Becker et al. 2001 ). In the disk-wind model of Murray & Chiang (1995) , the stronger X-ray flux in RLQs reduces the radiation pressure on the disk winds by stripping the atoms off electrons. In effect, RLQs are incapable of accelerating the high-density outflows to relativistic velocities and strong, low-velocity absorption is predominantly expected instead. This provides a reasonable explanation for the relative strengths of the associated, narrow absorbers among RLQs and RQQs seen here. In this case, there is an immediate connection between NALs and BALs as the RLQ associated NALs are "failed" BAL systems. (Other, related scenarios were suggested by Elvis 2000; Ganguly et al. 2001; Laor & Brandt 2002) .
The moderately strong, high-velocity absorbers seen at velocities close to the BAL terminal velocities add an interesting twist to this interpretation. Since these highvelocity NALs occur in both RLQs and RQQs, they may originate in a second, perhaps different, population of narrow absorbers common to quasars irrespective of radio type. Figure 4 in Paper I shows that these high-velocity absorbers are not confined to objects at a specific source inclination; Figure 8 also shows a mix of CDQs and LDQs with high-velocity NALs.
To explain the presence of high-velocity (associated) NALs in both RLQs and RQQs, two scenarios appear possible: entrainment by BAL outflows or by radio outflows, as discussed in turn next. First, while one may imagine the high-velocity RQQ NALs, typically with EW < ∼ 3Å, originate in discrete, turbulent clouds of relatively lower col-8 Outflow velocities up to ∼60 000 km s −1 have, however, been detected (e.g., Jannuzi et al. 1996; Hamann et al. 1997 ). 9 Although Becker et al. (2001) find ∼10% BALs quasars among bona-fide RLQs (i.e., the radio-loudness, R * = L radio /L optical > 10) almost similar to the RQQ fraction (∼10% − 15%; e.g., Hewett & Foltz 2003) , most of the detected BAL quasars are radio-intermediate sources (1 ≤ R * ≤ 10); the radio-intermediate nature appears common among BAL quasars in general (Francis, Hooper, & Impey 1993 ) often owing to the absorption and reddening of the optical emission (e.g., Goodrich 2001; Becker et al. 2001 ). The relative distribution among radio type is unknown at present, but since many are highly absorbed (see Hall et al. 2002 for unusually looking BAL quasar spectra from Sloan Digital Sky Survey), and apparently radio-intermediate, most of the BAL quasars are presumably intrinsically radio-quiet. umn density gas entrained by the BAL outflow, this cannot easily explain the high-velocity absorbers in RLQs: BAL outflows are rarer and some shielding from the fatal Xray flux would seem necessary to allow radiation pressure acceleration of these NAL systems. Besides, BAL outflows are not detected in these RLQs with high-velocity NALs. Alternatively, these high-velocity absorbers may originate in gas stirred up and perhaps entrained by the radio jet. However, such a scenario appears a little contrived given the similar occurrence in RQQs, unless these RQQs in fact have some weak radio source outflow which could possibly entrain NAL gas. To test this, the NED 10 radio data base was searched for indications that the two RQQs with strong (EW > 1Å) high-velocity NALs (Figure 7a ) are radio sources. Neither of the FIRST nor NRAO VLA Sky Survey 1.4 GHz radio images reveal any radio emission down to 1 mJy within ∼1 arcminute of the optical position of the RQQs. Deeper radio imaging at lower frequency is needed to determine whether these RQQs may have some weak, uncollimated radio outflows which could possibly account for accelerating the intrinsic NAL absorbers. Instead, Ganguly et al. (2001) propose that RQQs have higher mass-loss rate, a higher wind velocity, and in effect have winds with higher matter densities compared to RLQs. While this may explain the dearth of BALs in RLQs, it does not explain the intermediate and weak NALs (EW rest < ∼ 3Å) at high outflow velocities seen for both RQQs and RLQs. Also, Vestergaard (2004b) finds no support for RQQs typically having higherṀ BH /Ṁ Edd than RLQs in this z ≈ 2 quasar sample.
In summary, the presence of strong associated NALs in RLQs and the presence of relatively weaker associated NALs in RQQs are quantitatively consistent with expectations of radiatively driven disk-wind scenarios. The ∼1Å high-velocity NALs may originate in a second population of narrow absorbers. Entrainment by either BAL outflows or radio plasma outflow do not appear to uniquely and easily explain their presence in both RLQs and RQQs.
5. is absorption related to radio source evolution?
One subset of the RLQs, the CSSs, may be able to shed light on whether absorption in RLQs is related to the onset and propagation of the radio source (Baker et al. 2002) . The reason is that CSSs are possibly 11 young (O'Dea 1998) and, as can be seen in Figure 5 , CSS absorbers exhibit a range of strengths and some are relatively strong. Baker et al. (2002) propose that associated NALs in CSSs are in fact related to the radio source evolution, based on their study of C iv λ 1549 associated absorbers for RLQs at 0.7 < z < 1.0 and 1.5 < z < 3.0 detected in the welldefined Molonglo radio survey (Kapahi et al. 1998 ). The original low-frequency (408 MHz) selection and high completeness level (∼97%) down to the survey limit of 0.95 Jy in a well-defined area on the sky make the Molonglo radio survey one of the least biased surveys with respect to radio source inclination, i (Baker et al. 2002) . Baker et al. find that the most strongly absorbed objects ( < ∼ 5Å) in their sample are both the most dust reddened and have the smallest radio sources, most of which are CSS in nature. While Baker et al. do find their LDQs to be more strongly absorbed than their CDQs (similar to earlier findings and this study; see § 4.3), the CSS quasars are after all the most strongly absorbed. The authors propose to see an effect of radio source evolution in which the young radio source is enshrouded in gas and dust: at early radio source age the nuclear spectrum is seen through a large amount of reddening dust and absorbing gas. But with time, as the radio source grows, this cocoon is shed and dispersed or destroyed leaving less material (or covering fraction thereof) to absorb the centrally emitted spectrum.
Curiously, the inverse trend between linear radio source size and absorber strength seen by Baker et al. is in sharp contrast to the data studied here. Figure 9 shows how the total associated-absorption strength for each RLQ distributes with the 'largest linear radio source size' (Miley 1971) ; the completely opposite trend is evident. The CSS quasars show a range of absorption strengths, some of which in fact have high outflow velocities (Figure 9b ). The GPS and CSS phenomena are possibly related (e.g., O'Dea 1998) and the one absorbed GPS object also has a high velocity, but relatively weak, absorber. Although two of the CSSs have similar or stronger absorption than the CSS objects in the Baker et al. (2002) sample, the LDQs with large radio sources after all have the strongest associated NALs. In fact, there appears to be a lower envelope in the linear size for a given absorber EW for the current sample. Furthermore, there is no apparent relation between absorber velocity and linear radio size for this sample (Figure 9b) .
In an attempt to better understand the discrepant results with the Baker et al. study, the properties of the two RLQ samples have been compared; the focus was placed on the high redshift (1.5 ≤ z ≤ 3.0) subset of the Baker et al. quasars which has similar redshift range to the current RLQ sample. An important issue is that of sample selection. Most of the RLQs studied here were originally detected in low-frequency (178 MHz and 408 MHz) surveys ( § 3) similar to the Molonglo quasars. Also, while the RLQ sample studied here is non-homogeneous and incomplete, this nature is both a liability and an asset. The sample does have the advantage that it is selected to reduce selection biases. For example: (a) the most beamed sources are not included, (b) RLQs with a range of source inclinations were selected ( § 3), and (c) some control over the intrinsic brightness is employed ( § 3 and § 4.3). However, these RLQs are also expected to be more luminous than the Molonglo sources, owing in part to their original detection in earlier surveys that were less sensitive than more recent surveys commonly are, and this also appears to be the strongest difference between the two samples. A comparison based on M V and 408 MHz radio luminosities, L ν (408MHz), confirms this (Table 6 ): this RLQ sample is more luminous on average by ∼1 dex in L ν (408MHz) with very little overlap with the Baker et al. values, and by 1.5 magnitude in M V . In summary, 10 NASA/IPAC Extragalactic Database 11 The alternative interpretation is that a very dense intergalactic medium confines the radio source to a very small physical size, preventing significant radio source growth ("frustrated radio source"). However, the data currently appear to favor the young source interpretation (see O'Dea 1998 for a review). the Molonglo quasars are intrinsically fainter (radio and optical) sources. Also, they have a higher fraction of CSS quasars (11/20) compared to this RLQ sample (14/66; Table 3). Hence, the Molonglo sample contains a larger fraction of young sources, if the Baker et al. scenario holds.
Assuming low-frequency selected, weaker radio sources are typically younger 12 , can radio source age explain the different absorption characteristics seen in these two studies, such that the current RLQs are relatively older? In that case, the Molonglo quasars should (1) be more frequently absorbed, (2) be more strongly absorbed, and (3) be dust reddened to a higher degree. The Baker et al. 1.5 ≤ z ≤ 3.0 sample not only has a higher fraction of CSS quasars with associated NALs (8/11 ≃73% ±25%), but the quasars are also more frequently absorbed in general (18/20 ≃ 90%±21%); in comparison, only 36% ± 16% of the CSSs and 39% ± 8% of the RLQs here have associated NALs, even when counting all the detected NALs (these fractions are not shown in Table 3 ) as opposed to the most complete subset (EW ≥ 0.5Å; § 3.3). However, the occurrence of CSS NALs are marginally consistent between the samples to within the (large) counting errors. On the strength of the NALs, the Molonglo quasars are generally less strongly absorbed: none of the Baker et al. non-CSS quasars display absorption stronger than 2Å, while many of the LDQs and CDQs studied here are more strongly absorbed. However, the NAL strength of the CSS quasars is comparable between the two samples (e.g., compare Figure . Regarding the degree of dust reddening, as judged from the UV continuum slope (α λ ) the Molonglo quasars are not subject to a significantly higher dust column than the current RLQs: the range of α λ measured among the absorbed RLQs is relatively similar between the two studies. Specifically, the absorbed Molonglo quasars cover the approximate range −2 < α λ < 1, which overlaps with most of the spectral slopes measured here for the RLQs (Figure 3 ; note that also the CSSs display a range of slopes). However, the trend between reddening and absorption strength in the Baker et al. sample is fully consistent with the data presented here. Since the RLQs in this study also tend to be more strongly absorbed, radio source evolution do not appear to explain the differences seen with the Baker et al. study. This is supported by the model-predicted (Begelman 1999) and observed (e.g., O'Dea 1998) negative luminosity evolution with radio source growth. Hence, other effects must be at play and dominate possible radio source age differences 12 How may low-frequency surveys be more sensitive to relatively younger radio sources? Presumably, a young source with poorly collimated radio outflow will emit predominantly isotropic, steep spectrum radio emission. We may be seeing this already for the (very faint) radio-sources in RQQs (e.g., Barvainis, Lonsdale, & Antonucci 1995; Kukula et al. 1998 ). Likewise, a source in which the infant radio jet is so small that it contributes negligibly to the overall radio power would also tend to emit mostly isotropic lobe emission. In both cases these steep spectrum sources are most easily detected in low-frequency surveys.
between the samples.
An alternative possibility is that the deviating results are due to a statistical fluke in either or both studies as the results are after all based on small number statistics: in regard to NALs with EW >3Å the Baker et al. sample has six NALs of which two are detected in z > 1.5 CSSs with EW s larger than that of a single z > 1.5 LDQ narrow associated absorber with EW > 3Å (Figure 8 by Baker et al.) . In comparison, this RLQ sample has six NALs, two of which are observed in LDQs with EW s larger than that of the two CSS NALs (Figure 9) . In summary, both RLQ samples exhibit stronger absorption in more dust reddened objects, but the current sample does not support the findings of Baker et al. that CSS quasars are the most strongly absorbed sources. Also, it does not appear likely that radio source evolution explains the different absorption properties between the samples as expected if the RLQs studied here are the more aged cousins of the presumably young radio sources detected in the low-frequency Molonglo survey. Rejecting the possibility that the differences are due to a statistical fluke, one is left to conclude that luminosity differences and sample selection most likely are the leading causes of the differing results obtained. The reason is that the RLQs in this work are on average more luminous in the radio by about a factor 10 and in the optical by about a factor 3 (Table 6) than the Baker et al. sample. The higher luminosities may somehow make the current RLQs more capable of producing stronger absorption. This issue is addressed by Vestergaard (2004b) .
Speculations

Luminosity Driven Absorption?
How may a higher source luminosity of the RLQs in this study explain their stronger absorption relative to the Molonglo quasars? More luminous sources may subject the accretion disk and the immediate environment of the central engine (including a 'torus', if present) to a larger radiation pressure which could generate and accelerate larger amounts of absorbing material (e.g., Proga et al. 2000; Laor & Brandt 2002) . While the properties of the absorbed RLQs in this study seem to show that radiation pressure effects do not dominate over inclination dependent distributions of reddening and absorbing material, the RQQ NALs after all do support the radiation pressure interpretation ( § 4.2, § 4.3). Hence, one may speculate that the luminosity dependent absorption trend (allegedly caused by radiation pressure-driven, absorbing disk outflows) is only visible for RLQs across several orders of magnitude in luminosity, as opposed to the relatively narrow ranges ( < ∼1 dex) studied here and by Baker et al. (2002) . Alternatively, the strong, associated NALs detected in the more luminous, larger scale radio quasars may be of a different origin than the CSS absorbers.
However, an investigation based on well-selected quasar samples specifically targeted to address these issues are required to disentangle the effects of radio source age from effects owing to the mass, luminosity, size, and/or inclination of the source, in addition to the complicating effects of merger history and star formation on the amounts of matter available for reddening and absorption. It is hoped that these intriguing differences discussed above will motivate further studies of these issues, because an understanding of the evolution of active nuclei and quasars is important for our understanding of many other phenomena, including star formation and galaxy evolution.
Are Young CSS and BAL Quasars Connected?
On a slightly different but relevant note, it is interesting to speculate that the recently discovered high-ionization BAL quasars among the 1.4 GHz selected FIRST sources ) are in fact CSS quasars, even if most are radio-intermediate and not bona-fide RLQs. The reason is that BAL quasars display compact, often unresolved, radio structure, yet they essentially all have steep radio spectra. In addition, for low-ionization BALs there is evidence that the BAL outflow phenomenon is connected with a recent merger and/or starburst in the host galaxy (Canalizo & Stockton 2002) , which may also trigger a radio source (Baker et al. 2002) . While this is much harder to establish for the more distant high-ionization BALs, it is indeed an intriguing possibility. The radio-loud, highionization BAL quasar, FIRST J1556+3517, may be the first known example (Najita et al. 2000) . This interpretation is, however, not immediately consistent with the lack of BAL quasars in the Molonglo survey, unless the RLQ BAL phase is very short.
On the Possible NAL Connection with Radio Source Evolution
If the onset of nuclear activity simultaneously triggers the radio source and an initial BAL phase as suggested above, then at least the dynamical time-scales for these outflows should be consistent. For the radio-quasar 3C 191 (Q0802+103), with a strong (∼7Å) associated NAL in its spectrum, the available data allow a crude test thereof. Indeed, dynamical time-scale estimates suggest that 3C 191 could have started its nuclear activity expelling a BAL wind (or a birth cocoon) that is now observed as a distant, slow-moving NAL wind. Specifically, this requires (a) that the low-velocity (v < ∼1400 km s −1 ) absorbing gas started out as a high-velocity BAL outflow (v > ∼20 000 km s −1 ) that later decelerated significantly before reaching its current location ∼28 kpc from the central engine (Hamann et al. 2001 ), (b) that the radio source expanded 13 with a constant speed of ∼0.02c (Readhead et al. 1996) to its current linear size of ∼40 kpc (Lonsdale et al. 1993) , and (c) that the optical-to-X-ray slope, α OX , was much steeper at early epochs, such that this slope flattened as the quasar evolved. This is because BAL quasars typically have steeper slopes α OX > ∼ 2 (Brandt et al. 2000; Green et al. 2001) than that observed for 3C 191 (∼1.4; Wilkes et al. 1994) . Also, flat α OX are not conducive to generating high-velocity BAL outflows according to the radiatively driven disk-wind model of Murray & Chiang (1995) . In addition, Hamann et al. (2001) argue that the outflow 13 Radio lobe advancement speeds are never larger than 0.1c (Longair & Riley 1979) . Hot spot advancement speeds for compact steep spectrum sources are about and not much higher than ∼ 0.02c (Readhead et al. 1996) . Since these compact, likely young, sources are not located in an environment particularly different from other radio sources (e.g., O'Dea 1998), these expansion speeds should be representative. For example, the advancement velocity of the radio lobes in Cygnus A is comparable (Readhead et al. 1996) . must have swept up some galactic material, since its current mass exceeds that expected for BAL outflows. Interestingly, these authors find their estimates of the size, mass, and velocities of the NAL gas in 3C 191 to be consistent with the inferred values of these quantities for galactic superwinds in low-z starburst galaxies. Alternative scenarios to explain the 3C 191 absorber are discussed by Hamann et al. (2001) .
It is currently unknown whether the steep α OX in BAL quasars (a) is an intrinsic property of quasars capable of generating BAL outflows, as predicted by disk-wind models, or (b) is caused by the absorbing mass outflow itself (e.g., Brandt et al. 2000) . In the latter case, the nature of the outflow will need to change with time to explain the flat α OX currently observed for the above scenario to be viable.
6. emission line width dependent absorption? Ganguly et al. (2001) find a significant lack of associated absorbers among CDQs with C iv emission line width (FWHM(C iv)) less than 6000 km s −1 for the 15 quasars with C iv NALs from their HST-observed sample of 59 sources at z ≤1. This observation can be explained if the gaseous region, responsible for the associated NALs, is located away from the radio jet axis (see Ganguly et al. 2001 for details). In that case, our line of sight will not intercept the region occupied by the NAL systems for these sources, since CDQs are viewed at relatively smaller angles to the radio jets ( § 2). It is important for our understanding of the central engine and its evolution to know if such a trend is seen for more distant quasars as well. Table 7 lists for different subsamples the number of absorbed quasars with FWHM(C iv) smaller or larger than 6000 km s −1 , respectively. These subgroups are further subdivided based on the absorber velocity. For reference, Table 8 gives the distribution of narrow-lined and broad-lined quasars among the absorbed and non-absorbed quasars. Note that in both tables only quasars with NALs stronger than 0.5Å are counted, since this is the most complete subset of NALs. Figure 10 shows how the strength and the velocity of the associated NALs distribute with FWHM(C iv) of the quasars. Table 7 shows the striking result that for all subsamples − CDQs included − and for all absorber velocities the quasars with relatively "narrow" C iv emission lines (cols. 4 and 7) are more frequently absorbed than broader-lined quasars (cols. 3 and 6), in stark contrast to the results of Ganguly et al. In fact, the most strongly absorbed quasars have FWHM(C iv) < ∼ 5000 km s −1 (Figure 10a) , and all CDQs with associated NALs (EW ≥0.5Å) are "narrowlined". After all, the broad-lined and narrow-lined CDQs are equally frequently absorbed (∼33%; Table 8, cols. 6 and 7). But when all detected NALs are taken into account, as many as ∼2/3 of the narrow-lined CDQs are absorbed. In addition, Table 8 shows that with a lower EW cutoff at 0.5Å: (a) narrow-lined quasars are more frequently unabsorbed among all the subsamples (cf. col. 4 and col. 6), (b) the RQQs display an even cut (∼40% within the errors) of absorbed objects with low and high FWHM(C iv) (cols. 6 and 7), and (c) broad-lined RLQs as a group are more frequently absorbed, owing mostly to the fact that all the broad-lined LDQs and CSSs are ab-sorbed; however, care should be taken as the broad-lined RLQ subgroups have large uncertainties. Also, objects with different FWHM(C iv) exhibit no significant differences in absorption strength (Figure 10 ) with the exception that objects with very broad emission lines lack weak absorbers, EW < ∼ 0.6Å (Figure 10a ). The CDQs tend to have FWHM(C iv) < 7000 km s −1 but also have NALs with EW up to ∼2Å.
In conclusion, the quasar sample here does not support the result of Ganguly et al. (2001) that associated NALs avoid narrow-lined CDQs, although narrow-lined quasars are slightly less absorbed, in general. Specifically, the narrow-lined CDQs with associated NALs are more frequently absorbed than the broad-lined CDQs, a property that all the quasar subtypes share. This conclusion does not change if all detected absorbers are analyzed.
The obvious possible explanations for the different results of our studies are: (a) a luminosity effect in the Ganguly et al. sample causing an absorber cutoff for sufficiently luminous quasars, similar to that seen in Figure 3d , and (b) different sample selections. Although there is an indication that NALs stronger than EW > ∼ 0.5Å are avoided in the most luminous (M V < −27 mag) Ganguly et al. quasars, it is unclear, and at most tentative, whether or not the luminosity effect mentioned in (a) is present. The reason is that the Ganguly et al. NALs are few and exhibit a large distribution in the EW − M V plane 14 with no distinct correlation. More importantly, the three absorbed flat-spectrum quasars (≃ CDQs) do not have distinct M V values from their unabsorbed siblings. In terms of sample selection, the current sample is slightly more optically luminous than the Ganguly et al. quasars (Table 6), which may suggest that low-z quasars are subject to lower amounts and/or different distributions of absorbing gas compared to the distant and more luminous quasars, as also noted by Ganguly et al. (2001) . However, sample selection is likely a significant factor considering the fact that the low-redshift BQS quasars display a high absorption frequency and have NAL strengths (Laor & Brandt 2002 ) similar to those reported here.
summary and conclusions
Weak and strong absorption is relatively common among low-redshift active galaxies, but the fraction of quasars with associated narrow-line absorption is still poorly known, especially at moderate to high redshift. The basic statistics of narrow C iv λ1549 absorption lines detected in moderate redshift (1.5 < ∼ z < ∼ 3.5) radio-loud and radio-quiet quasars are presented here (Tables 3 and 4) . This sample is particularly suitable for this study for several reasons: (1) it was not selected on account of the presence of absorption in the restframe UV spectra, (2) the radio-loud quasars have a large range in radio source inclinations and a significant subset thereof can be defined where intrinsic brightness does not bias inclination dependency tests, and (3) the radio-loud and radio-quiet quasars were selected to match well in redshift and luminosity, minimizing biases in the study due to these two parameters and allowing a fair comparison of the absorption properties of the two radio types. It is important to note that this sample is not complete which may affect the absolute absorption frequencies. However, given the sample selection and the current lack of such statistics, the absorption frequencies should provide fair guidelines until complete samples are analyzed. The main conclusions can be summarized as follows:
(1) Moderate redshift quasars display a high frequency ( > ∼ 52% ±7%) of narrow C ivλ1549 absorption lines (NALs), similar to Seyfert 1 galaxies at low redshift and slightly higher than currently observed for the Bright Quasar Survey (BQS) quasars at z < ∼ 0.5. The strength of the narrow absorbers is comparable to those detected in the BQS sample. When restricted to the most complete subset of absorbers (EW ≥0.5Å; completeness level
about 40% (± ∼9%) of the quasars are absorbed, irrespective of radio type (i.e., including radio-quiet, radio-loud, radio core-dominated, radio lobe-dominated, and compact steep-spectrum sources).
(2) Strong narrow absorbers with EW rest > ∼ 1Å are detected in ∼35% (±5%) of the quasars with a slightly lower frequency among radio-quiet quasars (∼30% ±8%) compared to radio-loud quasars (∼40% ±8%). However, a constant ∼25% (±5%) of the quasars, irrespective of radio type have strong associated absorption (velocity, |v| < ∼ 5000 km s −1 ) within the uncertainties (Table 3) . Similar statistics are obtained for the EW ≥0.5Å narrow absorbers.
(3) More strongly absorbed quasars tend to have redder UV continua, confirming earlier findings based on radio sources only (Baker et al. 2002) and consistent with trends seen for broad absorption line quasars (Brotherton et al. 2001) .
(4) Lobe-dominated quasars, believed to be viewed at relatively larger angles to their radio source axis than coredominated sources, are most frequently and most strongly absorbed in general. While this has been seen previously, the trend was tested here on a well selected subset of radioloud quasars with a range of source inclinations and with luminosity biases strongly reduced. This solidifies the reality of this trend, indicating a near-equatorial distribution of narrow absorbers.
(5) Among the absorbed radio quasars significant correlations are found between the strength of the absorbers and (a) the UV continuum luminosity (when all detected NALs are analyzed), and (b) the UV spectral slope, such that absorbed radio quasars tend to have redder and fainter UV continua. Combined with item (4) this is interpreted here as an inclination dependent reddening and absorption effect. These effects must dominate radiation pressure effects in these radio sources, since the opposite correlations are otherwise expected.
(6) Absorbed radio-quiet quasars are also redder but stronger narrow absorption is detected in more luminous sources. This supports the picture in which radiation pressure is related to and perhaps responsible for the stronger absorption. This would be expected if increased radiation pressure in more luminous sources generate and accelerate more absorbing outflows by, for example, heating the upper layers of the accretion disk, as advocated in some disk outflow models. Narrow absorption stronger than EW rest ≈ 3Å is not seen for the radio-quiet quasars.
(7) In addition to a higher incidence of associated C iv absorbers a clustering of absorbers is detected in both radio-loud and radio-quiet quasars at outflow velocities around −15 000 km s −1 and an increase in absorber strength is seen around −18 000 km s −1 (Fig. 7) . This is intriguingly close to the common terminal velocity (about −20 000 km s −1 ) seen for broad absorption line (BAL) outflows. It is here suggested that the intermediate strength absorbers (EW rest < ∼ 3Å) may constitute a slightly different population of narrow absorbers, perhaps entrained by BAL outflows in radio-quiet quasars and radio outflows in radio quasars.
(8) The dearth of UV narrow absorbers in "face-on" radio quasars (i.e., core-dominated) reported by Ganguly et al. (2001) for their sample of z < ∼ 1 quasars is not supported. In contrast, a strikingly high fraction of z ≈ 2 radio core-dominated quasars with emission line FWHM(C iv) < ∼6000 km s −1 have detected absorption stronger than EW ≥0.5Å (Tables 7; Fig. 10 ). While redshift evolution of the column density and distribution of the absorbing gas may explain the different results, the sample selection is suspected the main cause, as the z < ∼ 0.5 BQS quasars are as strongly absorbed as the quasars here.
(9) The strongest absorption is seen among the radio quasars with the largest extent of the radio emission and the upper envelope in absorption strength decreases with decreasing linear radio size (Fig. 9) . This contrasts the results of Baker et al. (2002) . For the well defined, homogeneous, low-frequency selected (source inclination unbiased) Molonglo quasar sample they find the strongest narrow associated C iv λ1549 absorption among the most dust-reddened quasars with the smallest linear extent of their radio emission, namely among the compact steep spectrum sources, believed to be young radio sources. Baker et al. propose that the presence and strength of narrow associated absorption is likely related to radio source growth such that smaller (younger) radio sources are more strongly absorbed. Although less homogeneous, the radio quasar sample studied here is well selected with respect to source inclination and intrinsic brightness, and so should not be strongly biased in this regard. The deviating results are at present attributed to the fact that the radio quasars here are intrinsically more luminous by a factor ≥10 than the Molonglo quasars, possibly enabling stronger absorbing outflows. However, the small number statistics of both studies may also contribute.
Items (4), (5), and (6) are consistent with expectations of disk-wind scenarios (e.g., Murray & Chiang 1995 , 1997 in which the strong X-ray flux in radio-loud quasars overionize the somewhat equatorially outflowing wind to a high degree, thereby significantly reducing the effects of the radiation pressure on the wind. In this case, the stronger associated narrow absorption lines in radio-loud quasar are explained as "failed" broad absorption line outflows. The lack of individual narrow associated absorption systems with EW rest > 3Å and the higher frequency of BALs among radio-quiet quasars are also consistent with the purported stronger ability of RQQs to accelerate the outflows.
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